Aeromonas hydrophila is ubiquitous in the aquatic environment. This microorganism has been incriminated as the etiological agent in diseases of fish (1, 7, 17) , amphibians (5, 22) , reptiles (15, 16, 22) , humans (3, 27) , and terrestrial animals (30) . The presence of A. hydrophila in the environment, in healthy fish (2, 19) , and in the intestinal tracts of fish (25) without disease is difficult to explain. The existence of two populations of A. hydrophila, one virulent and the other avirulent, seems possible. DeFigueiredo and Plumb (4) found that A. hydrophila isolated from water is less virulent than that isolated from fish.
Virulence is frequently associated with the production of particular enzymes by a microorganism (9, 11, 29) . Therefore, this study was undertaken to determine the enzymatic capabilities of the A. hydrophila complex with the API ZYM system (Analytab Products, Plainview, N.Y.). Of special interest was the presence of differences in the enzymatic patterns of isolates recovered from the environment, fish, humans, and other sources.
MATERIALS AND METHODS
Bacteria. Forty-eight isolates of Aeromonas spp., consisting of 14 environmental isolates, 19 isolates from fish, 6 isolates from humans, 2 isolates from bovines, 2 isolates from the American Type Culture Collection, and 5 isolates of unknown origin, were used in this study ( (10) . The API ZYM system is capable of detecting and measuring the presence of 19 enzymes (see Table 2 ). Two drops of each standardized bacterial suspension were added to each of the 20 cupules of one panel. Each panel was incubated within its humidification chamber at 30°C for 6 h. After incubation, 1 drop of reagent A (250 g of Tris-110 ml of 37% HCl-100 g of sodium dodecyl sulfate-quantum sufficit 1,000 ml of distilled water) and 1 drop of reagent B (3.5 g of Fast Blue BB-quantum sufficit 1,000 ml of 2-methoxyethanol) were added to each cupule. Color reactions were allowed to develop for 5 min, after which the cupules were exposed to a 650-W high-intensity light source for 10 s. The presence and degree of enzymatic activity were scored as 0, 1, 2, 3, 4, and 5, based on the color intensity given on the color comparison chart of the manufacturer.
Replicate percentages of positive reactions and strong positive reactions (i.e., 3, 4, and 5) were calculated for each enzyme of each isolation group (see Table 2 ). The enzymatic composition of each isolation group and the relative enzymatic activities were determined (see Table 3 ). Enzymatic composition was considered to be the number of enzymes present in a given isolate. Enzymatic activity was the value derived for each isolate based on the degree of activity of the enzymes present in a given isolate.
RESULTS
The enzymatic activities of the 48 isolates as determined by the API ZYM system are summarized in Table 2 . The results are presented as the percentage of isolates giving a positive reaction were absent from all isolates. Alkaline phosphatase, butyrate esterase, myristate lipase, trypsin, ,-galactosidase, a-glucosidase, and ,-glucosidase all gave variable reactions.
Those substrates which gave variable results were considered further. Only 17% (1 of 6) of the human isolates were capable of producing butyrate esterase, whereas 64% (9 of 14) and 42% (8 of VOL. 16, 1982 on June 9, 2017 by guest http://jcm.asm.org/ Downloaded from (8 of 14) of the environmental isolates produced ,-Galactosidase, whereas 100% (34 of 34) of the other isolates produced this enzyme. ,-glucosidase was found in all of the human isolates but in only 50% (7 of 14) of the environmental isolates and 53% (10 of 19) of the fish isolates. All human isolates produced alkaline phosphatase, trypsin, ,B-galactosidase, and 3-glucosidase. Table 3 shows the differences in enzymatic composition and activity among the various isolation groups. The fish isolates and the human isolates were essentially identical in both enzymatic composition and activity. The environmental isolates had slightly lower values in each category.
A. sobria biotypes differed from A. hydrophila by a lack of myristate lipase and ,-glucosidase and a significant decrease in the presence of alkaline phosphatase (62.5%), butyrate esterase (25%), and P-galactosidase (62.5%).
DISCUSSION
The API ZYM system allowed for the rapid determination of the enzymatic profiles of the 48 isolates for 19 enzyme substrates. The API ZYM system has recently been used to study the enzymatic profiles of streptococci (10, 28) , staphylococci (10), Actinomyces spp. (12) , an- (10, 23) , Moraxella sp. (6), and Legionella sp. (18) . The isolates were from various origins; thus, to attempt to obtain optimal growth temperature conditions and standardization compatible with all the isolates, a temperature of 30°C was selected. This temperature would permit enzyme production at relatively similar levels by all the isolates. Also, it was our aim to look at as many isolates as possible with the API ZYM system; therefore, multiple incubation temperatures were impractical. Blood agar medium was selected over minimal media for growth of the microorganisms in an attempt to induce as broad a spectrum of enzymes as possible.
The absence of valine aminopeptidase, cystine aminopeptidase, chymotrypsin, a-mannosidase, a-fucosidase, a-galactosidase (with one exception), and 0-glucuronidase (with one exception) and the presence of caprylate esteraselipase, acid phosphatase, phosphoamidase, and N-acetyl-,-glucosaminidase in all 48 isolates would appear to be general characteristics of the A. hydrophila complex. Ljungh et al. (13) also found 11 isolates of human enterotoxigenic A. hydrophila to be negative for chymotrypsin, 1B-glucuronidase, a-mannosidase, and a-fucosidase. However, their isolates produced cystine aminopeptidase, valine aminopeptidase, and agalactosidase, in addition to the other enzymes assayed by the API ZYM system.
The presence of the remaining seven enzymes in the A. hydrophila complex (alkaline phosphatase, butyrate esterase, myristate lipase, trypsin, ,B-galactosidase, a-glucosidase, and ,B-glucosidase) was variable and will be considered further. Alkaline phosphatase, which cleaves orthophosphoric monoesters to orthophosphates and alcohols in alkaline conditions, was present in the majority of the isolates and was not affected by isolation source. Interestingly, about 88% (42 of 48) of all isolates produced both alkaline and acid phosphatases, two enzymes that have similar functions but have pH optima of 8.0 to 9.0 and 5.0, respectively, thus indicating an extensive phosphatase activity by the A. hydrophila complex. Both of these enzymes are widely distributed in nature. However, in tissues, for instance, the presence of intense activity of one of these enzymes is inversely proportional to the relative absence of the other enzyme (21) .
The incidence of butyrate esterase, which cleaves short-chain fatty acids at ester linkages, in the human isolates was significantly lower than its incidence in the fish isolates or in the environmental isolates. Myristate lipase cleaves longer fatty acids from lipids; in contrast to butyrate esterase, it was not source related. The trypsin-like enzyme assayed by the API ZYM system hydrolyzes peptide bonds whose carbonyl groups are donated by lysine or arginine and was slightly more prevalent in the human isolates. ,B-Galactosidase, an enzyme considered to be characteristic of the A. hydrophila complex, was absent from almost half (6 of 14) of the environmental isolates, as assayed by the API ZYM system. To verify this finding, all isolates were examined with the O-nitrophenyl-13-D-galactopyranoside disk test (BBL Microbiology Systems, Cockeysville, Md.). After 1 h, eight isolates were negative, including the above mentioned six isolates. However, after 4 h, only two isolates were negative, and these remained negative after 24 h. Therefore, two of the A. hydrophila complex isolates do in fact lack the ,B-galactosidase enzyme.
The majority of the isolates lacked a-glucosidase, which hydrolyzes a(1-*6) linkages at branch points of dextrin, or animal starch. Conversely, 1-glucosidase, the enzyme which hydrolyzes the 1(1-4) linkages of glucosides such as cellulose, or plant starch, was more prevalent, especially in the human isolates. The production of the plant-type glucosidase and not the animal-type glucosidase by the human isolates appears unusual. In a study of the habitat specificity of parasites in fish, Uglem and Beck (26) reported that parasites often resided where the specific enzyme activity in the tissues of the host was high, whereas their own was low or absent. Thus, an apparent symbiotic relationship was established between the enzymatic capabilities of the two organisms.
The isolates identified biotypically as A. sobria showed enzymatic capabilities similar to those of the A. hydrophila isolates for all but five of the enzymes. The absence of myristate lipase and 3-glucosidase and a significant decrease in the presence of alkaline phosphatase, butyrate esterase, and ,B-galactosidase in A. sobria indicate its slight difference from A. hydrophila, but would be an expected finding due to biotypic differences.
We were unable to differentiate among the environmental, fish, and human isolates based on the seven variable enzymes. Another means of separation, based on enzyme composition and activity, was attempted. However, no significant differences existed among the three isolation groups. Obviously, on the basis of the enzymes detected in this study, no significant differences can be determined among environmental, fish, and human A. hydrophila complex isolates. Interestingly, there was marked variation in the enzymatic capabilities within each isolation group. The difference among the A. hydrophila complex isolates may not be attribut-VOL. 16, 1982 on June 9, 2017 by guest http://jcm.asm.org/ Downloaded from able to the isolation source but possibly to an enzymatic characteristic of particular isolates. Perhaps populations of the A. hydrophila complex with various virulences could be isolated from a given source. This hypothesis may explain the lack of isolation group distinction. Future work should focus on the enzymatic and biochemical properties of individual strains as they correlate with the relative virulence of the microorganism.
